Hiroshima Journal of Medical Sciences
Vol. 33, No. 4, 619~624, December, 1984
HIJM 33-86

619

The Change of Serum Lipoproteins Observed in
Non Insulin Dependent Diabetic Patients and a
Study of its Mechanism®

Kozo HAYASHI, .Haruki MATSUMOTO, Kazuro ITO
and Noboru OZONO

Department of Internal Medicine, Mitsubishi Mihara Hospital, 3765 ltozaki-cho,
Mihara, 729-03, Japan
(Received August 31, 1984)

VLDL, LDL, Relative body weight
ABSTRACT

Key words:

The classification of hyperlipoproteinemia observed in twenty-three noninsulin depend-

ent type II diabetic patients who were not controlled well by diet and sulfonylurea
was carried out, Four groups were classified (group 1, normal VLDL and normal
LDL; group 2, high VLDL and normal LDL; group 3, high VLDL and high LDL;
group 4, normal VLDL and high LDL). The most usual hyperlipoproteinemia group
was group 3 and the frequency was about 56%. The relationship between abnormality
of serum lipoprotein and some factors such as insulin secretion, hemoglobin A;c con-
centration, lipoprotein lipase activity was studied among three groups (group 1, group
2, group 3). However, it seemed that there was no significant relationship between
hyperlipoproteinemia and these factors. The significant difference of relative body weight
was observed between group 1 and group 3. This result suggests that there is a
significant relationship between hyperlipoproteinemia (high VLDL and high LDL) and
obesity observed in type II diabetes mellitus. The reason why obesity caused hy-
perlipoproteinemia was not cleared, but it seemed that a difference of insulin secretion
did not refer to hyperlipoproteinemia observed in type II diabetes mellitus with
obesity, because there was no significant difference of insulin secretion between group

1 and group 3.

INTRODUCTION

It is well known that the disturbance of
serum lipoprotein is observed in diabetes mel-
litus. The change is usually manifested as an
elevated serum concentrations of very low
density lipoprotein (VLDL) and chylomicron
in insulin dependent type I diabetes mellitus’ ¥,
Lipoprotein lipase activity is regulated by serum
insulin!®1%1% and absolute deficiency of serum
insulin in insulin dependent type I diabetes
mellitus causes a decrease of lipoprotein lipase

activity, Serum VLDL and chylomicron are
catalyzed by lipoprotein lipase. Therefore, it is
considered that the decrease of lipoprotein lipase
activity is related to the elevations of serum
VLDL and chylomicron concentrations in in-
sulin dependent type I diabetes mellitus at least
in part,

In non insulin dependent type II diabetes
mellitus, high concentration of serum VLDL
is observed frequently®, however it is generally
considered that lipoprotein lipase activity is not
impaired!?. The mechanism for hyperlipidemia
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in human diabetes mellitus are complicated and
depending on any factors such as the degree
of insulin deficiency, obesity, heredity and diet.
Many reports have described the comparison
between healthy controls and diabetic patients,
In the present study, diabetic patients not well
controlled (fasting blood glucose concentration
was more than 180 mg/dl) were examined, and
abnormality of serum lipoprotein observed in
non insulin dependent type II diabetes mellitus
was classified and the relationship between
serum lipoprotein disturbance and some factors
such as insulin secretion, hemoglobin A;c con-
centration, lipoprotein lipase activity and relative
body weight was investigated.

MATERIALS AND METHODS

Subject

Twenty-three non insulin dependent type I1
diabetes mellitus patients (eleven males and
twelve females), ranging in age from 45 to 65
years old were studied. Diabetes mellitus was
diagnosed on the basis of fasting blood glucose,
75g OGTT and other clinical signs. Diabetic
patients studied were treated by diet and
sulfonylurea but not controlled well and their
fasting blood glucose concentrations were more
than 180 mg/dl. All tests were started after a
fasting of 12 hr and before administration of
drugs.
Measurement of lipoprotein

Measurements of VLDL and LDL were car-
ried out by heparin~Ca2?* sedimentation method
in Special Reference Laboratories, Inc. Briefly
described, three samples of serum were mixed
with 2 ml of solution containing 10 mg heparin,
2ml of solution containing 10 mg heparin and
1.2 g sodium chlorde or 2 ml of solution con-
taining 10 mg heparin and 1. 8 g sodium chloride
at 25°C. Absorbance of 650 nm wave length
for each samples was measured after 25 min
and concentrations of VLDL and LDL were
calculated with the equation determined by
Special Reference Laboratories, Inc.
Assay of lipoprotein lipase activity

Postheparin plasma was obtained 10 min after
a rapid intravenous injection of 10 IU of heparin
per kg of body weight. Blood was collected
into tubes containing 5 IU of heparin per ml
of blood and kept on ice. Plasma was separated
by centrifugation at 4°C and stored frozen at
—20°C. 250 pl of plasma was mixed with 50

¢l of 0.2M Tris-HCI buffer (pH 8. 4), 50 ul of
20% human serum albmin (pH 8. 4), 100 gl of
5M NaCl solution and 50 pl of activated in-
tralipid solution for hepatic triglyceride lipase
activity and was incubated for 1 hr at 37°C.
After indicated incubation period, 50 yl of reac-
tion solution mixed above was collected and
released non esterized free fatty acid was meas-
ured by a modification of Dumcombe’s meth-
0d®. When total lipoprotein lipase activity was
measured, 100 pl of 5 M NaCl solution in reac-
tion solution was replaced by 100 gl of double
distilled water. Extra hepatic triglyceride lipase
activity was calculated from the difference be-
tween total lipoprotein lipase activity and
hepatic triglyceride lipase activity. Activation
of intralipid solution was performed by addition
of the same volume of normal human serum
to 10% Intralipid solution and incubation for
30 min at 37°C.
Other methods

Plasma glucose was measured by glucose
autoanalyzer, plasma insulin by radioimmunoas-
say and hemoglobin A;¢ by high pressure liquid
chromatography. The relative body weight was
calculated by a modification of Broca’s method
as shown following, Relative body weight=
100 x body weight(kg)/(height(cm)-100) x0.9
Chemicals

All reagents were of the highest purity com-
mercially available, Human serum albmin was
obtained from Nihon Syoji Co.. Intralipid was
obtained from Midori Juji Co.. Insulin radio-
immunoassay kit was obtained from Daiichi
Radioisotope Co..

RESULTS

Classification of hyperlipoproteinemia observed
in non insulin dependent type II diabetes mel-
litus patients

Normal concentration of fasting VLDL was
determined from 0 to 110 mg/dl and that of
fasting LDL was determined from 145 to 455
mg/dl. When the classification of hyperlip-
oproteinemia was carried out according to the
standard values determined above, four groups
were classified. The first was normal VLDL
and normal LDL group, the second was high
VLDL and normal LDL group, the third was
high VLDL and high LDL group and the
fourth was normal VLDL and high LDL group.
The most usual hyperlipoproteinemia was high
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Table 1. Classification of hyperlipoproteinemia
observed in twenty-three non insulin dependent
type II diabetic patients and serum VLDL and
LDL concentrations

VLDL concentra- LDL concentra-
tion (mg/dl) tion (mg/dl)

Group 1 (n=6)

normal VLDL 87.0+30.9 393.8+56.2
normal LDL
Group 2 (n=3)
high VLDL 178.7+17.0 334.3+104.7
normal LDL (P4<£0.01) (Pg n,s.)
Group 3 (n=13)
high VLDL 229.21+95.8 574.9+104.9
high LDL (P2<0,01) (P4<0.01)
Group 4 (n=1)
normal VLDL 61.0 566.0

high LDL

Serum VLDL and LDL concentrations were
determined as described in Materials and Methods,
Each value represents mean+S, D, Py refers to the t-
test for differences of VLDL concentration between
group 1 and group 2. P, refers to that of VLDL
concentration between group 1 and group 3. P;
refers to the t-test for differences of LDL concen-
tration between group 1 and group 2. P, refers
to that of LDL concentration between group 1 and
group 3.

VLDL and high LDL group, and the frequency
was about 56% (Table 1). VLDL and LDL
concentrations of group 1 were 87.0+30.9 mg/
dl and 393.8+56.2 mg/dl respectively. Those
of group 2 were 178.7+17.0 mg/gl and 334. 3+
104. 7mg/dl respectively. Those of group 3
were 229, 2+ 95. 8 mg/dl and 574.9+104. 9 mg/
dl respectively. As for VLDL concentration,
there were significant differences between group
1 and group 2, and between group 1 and group
3. As for LDL concentration, there was a sign-
ificant difference between group 1 and group3.
Hyperlipoproteinemia and insulin secretion
Insulin secretion (3"IRI) was measured by
addition of basal insulin secretion value and
insulin secretion values of 30, 60, 120 and 180
min after 75g glucose loading per os. The
difference of insulin secretion was investigated
among normal VLDL and normal LDL group
(group 1), high VLDL and normal LDL group
(group 2) and high VLDL and high LDL group
(group 3). Insulin secretions of group 1, group
2 and group 3 were 193.94-138. 6, 185.0+67.5
and 170. 9+88. 4 4U/ml respectively, and there
was no significant difference among these three
groups. The basal insulin secretions of group
1, group 2 and group 3 were 16.248.5, 15.0+
2.0 and 23.0+11.7 pU/ml respectively. There
was no significant difference of basal insulin
secretion among these three groups too. Fur-

Table 2. Hyperlipoproteinemia and insulin secretion

SIRI (xU/ml)

AIRI/4BG in 30 min basal IRI (#U/ml)

Group 1 (n=6)

normal VLDL 193.9+138.6
normal LDL
Group 2 (n=3)
high VLDL 185.0+ 67.5
normal LDL (P; n.s.)
Group 3 (n=13)
high VLDL 170.9+88.4
high LDL (P n.s.)

0.143+0.158 16.2+8.5
0.255+0.224 15.0+2.0
(P n.s.) (Ps n.s.)
0.101+0.133 23.0+11.7
(P4 n.s.) (Pg n.s.)

Plasma glucose and plasma insulin were determined as described in Materials and Methods, Each value
represents mean+S, D, Py refers to the t-test for differences of >_IRI between group 1 and group 2. P,
refers to that of 3IRI between group 1 and group 3. Pjg refers to the t-test for differences of 4IRI/4BG
between group 1 and group 2. P, refers to that of JIRI/4BG between group 1 and group 3. P; refers to
the t-test for differences of basal IRI between group 1 and group 2. Ps refers to that of basal IRI between

group 1 and group 3.
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thermore, the values of 4IRI/4BG in 30 min
were compared among these three groups, but
there was no significant difference (Table 2).
These results suggest that there is no relation-
ship between  hyperlipoproteinemia and insulin
secretion,
Hyperlipoproteinemia and hemoglobin A;c

Hemoglobin A;¢ is known as a marker which
reflects blood glucose level before three to six
weeks, therefore the condition of diabetic control
is suspected by hemoglobin A;c concentration.
Hemoglobin A;c concentrations of group 1,
group 2 and group 3 were 9.6343.02, 6.97+
1.45 and 9. 8441. 96% respectively. In present
study, there was no significant difference of
hemoglobin Ajc concentration among three
groups. This result suggests that long duration
of hyperglycemia does not have influence on
hyperlipoproteinemia such as high VLDL and
high LDL (Table 3) and diabetic patients in
these three groups were under the same diabetic
condition,
Hyperlipoproteinemia and plasma lipoprotein
lipase activity

Serum VLDL is produced in liver and
catalyzed by lipoprotein lipase which is con-
nected on cell membrane of various tissues
in blood stream. Lipoprotein lipase activity
were measured separately as hepatic triglyceride
lipase activity and extra hepatic triglyceride

Table 3. Hyperlipoproteinemia and hemoglobin
Asc

Hemoglobin Ac (%)

Group 1 (n=6)

normal VLDL 9.631+3.02
normal LDL
Group 2 (n=3)
high VLDL 6.97+1.45
normal LDL (Py n.s.)
Group 3 (n=13)
high VLDL 9.84+1.96
high LDL (P, n.s.)

Hemoglobin A;c was determined as described in
Materials and Methods. Each value represents
mean+S. D, Pj refers to the t-test for differences
of hemoglobin A;c between group 1 and group 2.
P, refers to that of hemoglobin A;¢ between group
1 and group 3.

lipase activity as shown in materials and meth-
ods. Hepatic triglyceride lipase activities of
group 1, group 2 and group 3 were 821,94
315. 8, 1247.54-304. 7 and 1236. 24598. 9nmol/
ml/hr respectively. Extra hepatic triglyceride
lipase activities of group 1, group 2 and group
3 were  5530.2+1386.7, 5282.841140.4 and
4750. 841471, 7 nmol/ml/hr respectively. There
were no significant differences of hepatic tri-
glyceride lipase activity and extra hepatic tri-
glyceride lipase activity among three groups
(Table 4). These results suggest that high

Table 4. Hyperlipoproteinemia and lipoprotein
lipase activity :

HTGL activity Extra HTGL activity
. (nmol/ml/hr)  (nmol/ml/hr)

Group 1 (n=6)
normal VLDL
normal LDL

821.9+315.8 5530.2+1386.7

Group 2 (n=3)
high VLDL
normal LDL

1247.5+304.7
(P, n.s.)

5282.8+£1140.4
(Ps n.s.)

Group 3 (n=13)
high VLDL
high LDL

1236.21598.9
(Pg n, S.)

4750.8+1471.7
(Py n.s.)

Plasma lipoprotein lipase activity was determined
as described in Materials and Methods. Each value
represents mean+S, D. P, refers to the t-test for
differences of HTGL activity between group 1 and
group 2, P, refers to that of HTGL activity be-
tween group 1 and group 3, P; refers to the t-test
for differences of extra HTGL activity between
group 1 and group 2. P, refers to that of extra
HTGL activity between group 1 and group 3.

VLDL concentrations observed in group 2 and
group 3 are not cauesd by decrease of lipo-
protein lipase activity. ,
Hyperlipoproteinemia and relative body weight
Relative body weight calculated by a modifica-
tion of Broca’s method described in Materials
and Methods of group 1, group 2 and group 3
were 107.74+19.8, 112.0+2.0 and 118.3+20.4
9% respectively. When relative body weight was
compared, the significant difference was ob-
served between group 1 and group 3, but there
was no significant difference between group 1
and group 2 (Table 5). This result indicates
that there is a relationship between hyper-
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Table 5. Hyperlipoproteinemia and relative body
weight

Relative body weight

(%)
Group | (n=6)
normal VLDL 107.7+19.8
normal LDL
Group 2 (n=3)
high VLDL 112,04 2.0
normal LDL (Py n.s.)
Group 3 (n=13)
high VLDL 118.34:20.4
high LDL (P,<0.01)

Relative body weight was determined as descri-
bed in Materials and Methods. Each value rep-
resents mean+S, D, Py refers to the t-test for dif-
ferences of relative body weight between group I
and group 2, P, refers to that of relative body
weight between group | and group 3.

lipoproteinemia observed in group 3 (high
VLDL and high LDL) and obesity.

DISCUSSION

In this study, four groups of hyperlipo-
proteinemia were classified with serum VLDL
and LDL concentrations for type II diabetic
patients who were not controlled well by diet
and sulfonylurea. Because there was no sig-
nificant difference of hemoglobin A;¢ concentra-
tion among these three groups, it was con-
sidered that these diabetic patients were under
the same diabetic condition. An explanation
that the deficiency of insulin secretion and
insulin action on the peripheral organs cause
mobilization of free fatty acid from adipose
tissue and overproduction of VLDL in liver is
usually accepted in type II diabetes mellitus!!
12,19 The fact that there were no significant
differences of basal insulin secretion, > IRI and
AIRI/4BG in 30 min among group 1, group 2
and group 3 suggests that high VLDL concen-
tration observed in group 2 and group 3 is
not caused by insulin secretion. High VLDL
concentration observed in obesity is explained
by hyperinsulinemia caused by insulin resistance
of peripheral tissues and overproduction of
VLDL in liver®, but there was no significant
difference of insulin secretion between group
1 and group 3, in spite of the presence of a

significant difference of relative body weight
between group 1 and group 3 in this study.
From these results, it seems that there is no-
relationship between hyperlipoproteinemia and
insulin secretion. For the mechanism of high
VLDL concentration, production and catalyza-
tion systems of VLDL must be investigated.
Discussions described above are considerations
observed by production side. Lipoprotein lipase
is the most important enzyme for VLDL
catalysis. If lipoprotein lipase activity is de-
creased in group 2 and group 3, high VLDL
concentrations observed in group 2 and group
3 are explained by the activity change of this
enzyme. However, no significant difference of
lipoprotein lipase activity (hepatic triglyceride
lipase and extra hepatic triglyceride lipase ac-
tivities) was observed (Table 4) as reported
previously!?, This result suggests that over-
production of VLDL causes the increase of
VLDL concentration in group 2 and group 3.
Other factors rather than insulin secretion seem
to contribute to hyperlipoproteinemia in diabetic
patients with obesity by means of overproduc-
tion of VLDL in liver. One possible conception
is the difference of insulin action on peripheral
tissues. If insulin action on liver of group 2
and group 3 is larger than that of group 1,
overproduction of VLDL in liver and hyperlipo-
proteinemia may occur, because it is known
that insulin accelates to produce VLDL in
liver”, But this conception was not cleared in
this study. Other conceptions such as apopro-
tein also will be a remarkable event®.

On the other hand, if diabetes mellitus and
hyperlipoproteiremia are independent entities as
described by Brunzell et al®., it may be mean-
ingless ‘problem to investigate the factors which
cause hyperlipidemia of type II diabets mellitus.
It is considerable whether there is a relationship
between the increase of relative body weight
and hyperlipoproteinemia observed in group 3
or not, because there was no significant differ-
ence of relative body weight between group 1
and group 2 in spite of the presence of a
significant difference of VLDL concentration.

The increase of LDL concentration was ob-
served in group 3. The study of cholesterol
metabolism in diabetes mellitus is important to
investigate the mechanism of atherosclerotic
change. For the mechanism of the increase of
LDL concentration observed in djabetes mel-
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litus, some conceptions have been suggested.
Gonen et al. described the relationship between
insulin and LDL receptor, and it is known
that specific binding of LDL and LDL receptor
is impaired by glycosylation of LDL® and
Witzum et al. suggest that atherosclerosis is
accelated by glycosylation of LDL based on
hyperglycemia!®. In this study, the mechanism
for the elevation of VLDL was investigated
mainly, but exact mechanism was not cleared.
To study the reason why some types of hy-
perlipoproteinemia are classified in the same
condition of type II diabetes mellitus and to
clear the mechanism of hyperlipoproteinemia
(high VLDL and high LDL) must be continued
and the investigation for the problem of in-
volvements of high LDL and high VLDL to

atherosclerosis must be carried out.
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